Sterol regulatory element binding protein (SREBP) cleavage-activating protein (SCAP) is a central regulator of lipid synthesis and uptake in mammalian cells (Hua et al. 1996; Brown and Goldstein 1997) . Located in the endoplasmic reticulum, SCAP stimulates the proteolytic cleavage of sterol regulatory element binding proteins (SREBPs) that activate the synthesis of cholesterol and fatty acids and their uptake from plasma via the low-density lipoprotein (LDL) receptor. SCAP-stimulated proteolysis releases active fragments of SREBPs from the membranes of the endoplasmic reticulum and allows them to enter the nucleus, where they activate the transcription of target genes involved in intracellular lipid homeostasis. The activity of SCAP is abolished by increases in sterols, a regulatory mechanism that maintains the constant lipid composition of cell membranes.
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Cloning of full-length SCAP cDNA
In order to obtain the full-length cDNA sequence, we carried out 5Ј rapid amplification of cDNA ends (5Ј RACE) experiments using the partial SCAP cDNA sequence, KIAA0199, deposited in the GenBank database under accession no. D83782 (Nagase et al. 1996) . 5Ј RACE was performed using a Marathon cDNA amplification kit (Clontech, Palo Alto, CA, USA). In brief, human poly(A) RNA from a human hepatoma cell line, SKHep1 (ATCC HTB-52, Rockville, MD, USA), was first reverse-transcribed with Avian Myeloblastosis Virus (AMV) reverse transcriptase, using oligo(dT) primer. The second-strand cDNA was synthesized with T4 DNA polymerase from this single-strand cDNA, and the Marathon cDNA adapter was ligated. The adapterligated cDNA was subjected to two rounds of polymerase chain reaction (PCR), as follows. The first PCR was performed using a combination of an outer adapter primer (AP1) and a gene-specific primer, 5Ј-GAAGTCTGCAGG-GTTTTAGGCTCGT-3Ј, that corresponds to nucleotides 209-234 of the human partial SCAP cDNA sequence, KIAA0199 (Nagase et al. 1996 ). An aliquot of the first PCR reaction mixture was used as a template for nested PCR, carried out with a combination of a nested adapter primer (AP2) and a nested gene-specific primer, 5Ј-TCAGTA-GGCTCTCCTTGTTTGCGGT-3Ј that corresponds to nucleotides 588-612 of the human partial SCAP cDNA sequence. The PCR products were resolved by electrophoresis in a 1% agarose gel and the specific PCR product, visualized by ethidium-bromide staining, was purified using a Gel Extraction Kit (QIAGEN, Tokyo, Japan). The nucleotide sequence of the cDNA was determined by the BigDye Terminator cycle sequencing method, using a 377 ABI Prism automated DNA sequencer (Perkin-Elmer, Norwalk, CT, USA).
Isolation of the human SCAP gene
A bacteriophage P1-derived artificial chromosome (PAC) library containing human genomic DNA pooled in a threedimensional structure (Genome Systems, St. Louis, MO, USA) was used for the isolation of human SCAP genomic clones. The three-dimensional PAC library was screened by PCR by a method described previously (Tsukamoto et al. 1998 ), using two oppositely oriented oligonucleotides (forward: 5Ј-TGGGGATGTCACCTCCCTTAC-3Ј and reverse: 5Ј-TGCTGAATGGAGTAGAACTTGATGC-3Ј) that correspond to nucleotides 3476-3495 and 3564-3588 of the human partial SCAP cDNA sequence, KIAA0199. Eschericia coli containing the positive clone was cultured in the presence of ampicillin, and PAC DNA was isolated as described previously (Tsukamoto et al. 1998 ).
Sequence analysis of exon/intron junctions and the 5Ј-flanking region of the SCAP gene Nucleotide sequences of exons and their boundaries were determined by directly sequencing the PAC clone, using primers designed from the partial SCAP cDNA sequence, KIAA0199 (Nagase et al. 1996) (Table 1) . Primers for sequence analysis of the 5Ј-flanking region and exon/intron junction of exon 1 were designed from the nucleotide sequence of full-length SCAP cDNA obtained by 5Ј RACE. Sequencing was performed by the BigDye Terminator cycle sequencing method, using a 377 ABI Prism automated DNA sequencer (Perkin Elmer). The size of each intron was determined by direct sequencing of the PAC genomic clone or estimated by PCR amplification, using LA Taq (Takara, Tokyo, Japan), of each intron, using two oppositely oriented primers located in two exons flanking each intron .
Chromosomal mapping of the human SCAP gene by fluorescence in situ hybridization (FISH) To assign the SCAP gene location on human chromosomes, a PAC clone carrying the human PAC chromosomal gene was used as a probe. Fluorescence in situ hybridization was carried out as described (Mukae et al. 1998 ). The cosmid DNA was labeled with biotin-16-deoxyuridine triphosphate dUTP by nick-translation and hybridized to the denatured chromosomes, at a final concentration of 25ng/ml, in 50% formamide, 10% dextran sulfate, 2 ϫ saline-sodium citrate, 0.2 mg/ml Cot-1 DNA (GIBCO/BRL, Frederick, MD, USA), 2mg/ml salmon sperm DNA, and 2mg/ml E. coli tRNA. The hybridized signals were detected with fluorescein isothiocyanate-avidin (Boehringer Mannheim, Indianapolis, IN, USA). Metaphase cells were counterstained with 4Ј,6-diamidino-2-phenylindole, and the slides were examined through a Nikon epifluorescent microscope equipped with a change-coupled device (CCD) camera (Photometrics, Tucson, AZ, USA). Images were captured with Quips (Vysis) software and processed with Adobe Photoshop 3.0 software (Adobe Systems).
Results and discussion
Characterization of the 5Ј region of SCAP cDNA
The nucleotide sequence of the partial human SCAP cDNA sequence, KIAA0199, previously described by Nagase et al. (1996) , lacked the 5Ј untranslated region (UTR), a translation initiation codon, and the 5Ј portion of the open reading frame (ORF). We thus carried out 5Ј RACE experiments and determined the full-length sequence of human SCAP cDNA. The 5Ј-RACE experiments yielded an additional 144 bp of cDNA sequence on the 5Ј end of the partial human SCAP cDNA sequence, KIAA0199 (Fig. 1A) . It was thus determined that human full-length SCAP cDNA consists of 139bp of 5ЈUTR, 3840bp of coding region, and 141 bp of 3ЈUTR. The sequence around the SCAP initiation codon was "GAGGATGA", which appears to be a variant of an initiator consensus sequence "G/ANNATGG", as proposed in Kozak's initiation rule (Kozak 1987) .
Cloning of the human SCAP gene A genomic region of over 110 kb containing the entire human SCAP gene was cloned in two overlapping PAC clones. The length of the SCAP gene is over 30 kb, which is about eight times the size of SCAP cDNA. It consists of 23 exons interrupted by 22 introns (Table 2, Fig. 2A ). Exon 1 was the smallest at 44 bp. Other exons ranged from 81 to 523 bp. Exons 4-16 and exons 17-23 clustered in the 10.3-kb and 4.2-kb regions, respectively, while exons 1, 2, and 3 were each interrupted by introns over 8 kb in size. Sequences at the exon-intron boundaries for all 22 introns are a The sequences of exon/intron boundaries were determined as described in Materials and Methods. The lowercase letters refer to intron sequences and the uppercase letters to exon sequences b The intron sizes were determined by direct sequencing of the PAC genomic clone or estimated by polymerase chain reaction amplification, using LA Taq (asterisks) (Takara). ND, Not determined compatible with the consensus sequence for the splicing junctions, including AG-GT (Mount 1982) .
Comparison of the gene sequence with the human cDNA sequence revealed that exon 1 and the 5Ј half of exon 2 encode the 5ЈUTR, while the 3Ј portion of exons 2 through exon 22 encodes the coding region, and exon 23 encodes both the carboxy-terminal coding region and the 3ЈUTR (Fig. 2B) . Exon 23 possesses a polyadenylation site preceded by a polyadenylation signal. Chromosomal mapping of the SCAP gene A PAC genomic clone was used as a probe to localize the SCAP gene by FISH on metaphase chromosomes. Clear fluorescent signals were visualized on chromosomal band 3p21.3 (Fig. 3) . We previously isolated a CA-repeat polymorphism at the SCAP locus and linked it to DNA markers on 3p by radiation hybrid mapping, using Stanford G3 hybrid panels (Nakajima et al. 1999) . Sequence analysis of the SCAP gene in the present study showed that this CA-repeat polymorphism was present in intron 2 of the SCAP gene (data not shown). FISH analysis carried out in the present study refined the localization of the human SCAP gene to chromosomal band 3p21.3. Figure 2B shows the relationship between exon organization and protein domains predicted previously (Hua et al. 1996) . The introns interrupt the protein coding sequence in such a way that many of the protein segments are encoded by distinct exons, as shown in Fig. 2B . The NH2-terminal domain of SCAP is predicted to contain eight membranespanning regions which are encoded by exons 2, 3, 7, 8, 9, 10, 11, 13, and 15, encode the sterolsensing domain comprising membrane spanning region 2-6 (Hua et al. 1996) . This region shows sequence resemblance to putative sterol-sensing domains in three other proteins: 3-hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA) reductase, Niemann-Pick C1 protein, and the morphogen receptor Patched Loftus et al. 1997) . A D443N mutation in the sterol-sensing domain of SCAP blocks responsiveness of SCAP to intracellular cholesterol levels (Hua et al. 1996) . Transgenic mice that express this type of mutant SCAP in their livers developed enlarged livers that were engorged with cholesterol and triglycerides (Korn et al. 1998) . Exons 15-23 encode the hydrophilic carboxy-terminal domains that contain four copies of a motif called the WD repeats (Neer et al. 1994 ). This domain is predicted to interact with and regulate SREBP and the site-1 protease (Hua et al. 1996) .
Exon organization and protein domains
Sequence of the 5Ј-flanking region of the SCAP gene The nucleotide sequence of the 5Ј-flanking region of the SCAP gene is given in Fig. 1B . The putative promoter sequence of the SCAP gene was examined with the Transcrip- tion Element Search Software (TESS) on the www at the http://agare. humgen.upenn.edu/utess/tess to identify any transcription factor binding sites. The nucleotide sequence of the 5Ј-flanking region comprises a high G/C-rich region and contains Sp1 sites and an AP2 site. No CAAT or TATA box was present up in the 5Ј-flanking region of the SCAP gene. These features are characteristic of the promoters of housekeeping genes (Dynan 1986 ). Interestingly, an ADD1/SREBP-1 site (Yokoyama et al. 1993; Kim et al. 1995) was identified in the 5Ј-flanking region of the SCAP gene. The SREBPs are a family of three closely related membrane-bound transcription factors that activate the genes for the synthesis of cholesterol and unsaturated fatty acids and their uptake from plasma. The SREBPs regulate the transcription of genes encoding several enzymes in the cholesterol biosynthetic pathway, including HMG CoA reductase, HMG CoA synthase, farnesyl diphosphate synthase, and squalene synthase (Goldstein and Brown 1997; Osborne 1995; Guan et al. 1995; Ericsson et al. 1996; Vallett et al. 1996) . The SREBPs also regulate the LDL receptor, which supplies cholesterol through receptor-mediated endocytosis (Brown and Goldstein 1997; Kim and Spiegelman 1996; Yokoyama 1993) . The transcriptional regulation by SREBP-1 has a central role in lipid metabolism. SCAPstimulated proteolysis releases active fragments of SREBPs from the membranes of the endoplasmic reticulum and allows them to enter the nucleus (Hua et al. 1996) . Transcriptional regulation of the SCAP gene via SREBP-1 may be crucial in the regulation of lipid metabolism, but its functional significance remains to be determined. Sp1 sites are present in the 5Ј-flanking region of the SCAP gene. Sp1 acts synergistically with SREBPs to activate expression of the LDL receptor gene Yieh et al. 1995) .
Our data establish the basis of investigation for molecular variants in this gene that may result in alterations in plasma lipoprotein levels and/or derangement of intracellular lipid metabolism.
